ABSTRACT A set of 239 heat-sensitive (38°) and 16 
The ciliated protozoan Tetrahymena thermophila (formerly T. pyrsformis, syngen 1; see ref. 1) has been successfully used for various physiological, developmental, and genetic studies (see refs. 2 and 3 for reviews). The scope of genetic studies has been limited, however, because the number of available induced mutations has been small compared to many other organisms (including some other protozoa). Recent (4, 5) , including growing, washing into fresh reagents, and mass matings.
Another development has been the establishment of techniques whereby the two nuclei (the actively transcribed somatic macronucleus, and the silent germinal micronucleus) can be manipulated independently (6) . This approach allows the creation of strains with positively selectable dominant mutations in the micronucleus (such as for drug resistance) but with macronuclei expressing the recessive phenotype (for example, sensitivity). Because new macronuclei containing the resistance mutations of the micronucleus can only develop by conjugation, addition of the drug provides a simple but extremely effective selection for cells that have completed conjugation. This approach has been used to select cells that have performed various kinds of self-mating after mutagenesis and have thereby become homozygous and capable of expressing new mutations (4, 7) .
We report here the isolation of 253 independent temperature-sensitive mutants acquired by these new techniques. Moreover, because it has been observed by ourselves and others that strains isolated after induced mutagenesis frequently are sterile, a method is presented here that allows identification of the fertile clones among the mutants.
MATERIALS AND METHODS
Strains. All stocks were derived from inbred strain B-1868 except C*, which is a vegetative derivative of inbred strain C The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisent" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (8) . All cells were grown in 1% proteose peptone (Difco). Following the previously suggested notation (6), micronuclear genotype is indicated by a three-letter code with a capital first letter if the mutation is dominant and a superscript + for wild type. Macronuclear expressed phenotype (including mating type if needed) is indicated by appropriate abbreviations in parenthesis.
The two unlinked dominant mutations ChxA2 and Mpr confer, when expressed, resistance to cycloheximide (cy) at 25 ,ug/ml and 6-methylpurine (6-MePur) at 15 jig/ml, respectively (5, 9) .
Mutagen Treatment. A fresh solution (2 mg/ml) of Nmethyl-N'-nitrosoguanidine was prepared in 95% ethanol, and a sufficient amount was added to a logarithmic phase culture to produce a final concentration of 10 jg/ml. After 3 hr, the cells were washed three times in fresh peptone and allowed to recover overnight in peptone. After this mutagen treatment, growth does not resume for about 12-14 hr; there must have been little, if any, vegetative duplication of induced mutations during the recovery period.
Matings. By using described methods (10), starvation conditions necessary for mating were obtained by separately washing cells of different mating types twice in 10 mM Tris-HCI (pH 7.4) and then resuspending the separate cultures in enough 10 mM Tris to achieve a final cell concentration of 105 cells per ml. These cultures were prestarved for 6 hr at 30°, mixed together, and allowed to mate for 6 hr.
Microtiter Methods. All microtiter plates were sterilized by exposure to ultraviolet light for 24 hr. Media, drug solutions, and cells were usually distributed to microtiter plates by using a multichannel dispenser (Cooke Laboratory Products, Alexandria, VA); if only a small number of wells needed filling, a Cooke permanent pipette (0.025 ml, 0.05 ml) was used. All plates were scored with either a test reading mirror (Cooke) or a dissecting microscope. A metal-pronged replicator (4) was used to replicate clones into fresh microtiter plates.
For mating, clones were replicated to V-bottom microtiter plates (0.1 ml of peptone per well) and allowed to grow for 2 days at 30°. The plates were then centrifuged for 2 min at 900-1000 X g in an International centrifuge equipped to hold the plates (Cooke centrifuge plate carriers). The supernate was removed by using a custom-made multichannel aspirator consisting of 96 small tubes (arrayed in the microtiter pattern) opening into a Lucite box to which a vacuum is applied. Each plate was then washed once in 10 mM Tris (centrifuging and aspirating as above), and a prestarved strain with appropriate markers was added in the final distribution of starvation medium. Cells were allowed to mate for 48 hr at 300. Drug Testing. An equal volume of drug dissolved in peptone was added to give a final concentration of 25 ,gg of cy and 15 jug of 6-MePur per ml.
Abbreviations: cy, cycloheximide; 6-MePur, 6-methylpurine. RESULTS As described (8, 11) , crosses between normal strains and strain C* do not follow the normal course of events of conjugation. C* has a defective micronucleus which disappears in an early phase of conjugation. The other conjugant's micronuclear genome still undergoes meiosis, mitosis of one of the resulting haploid products to produce a stationary and a migratory pronucleus, and transfer of the migratory pronucleus to the C* conjugant. Because C* offers no pronucleus in return, the two conjugants have a haploid germinal nucleus, which becomes diploid (and therefore homozygous) by a DNA synthesis in the absence of nuclear division (F. P. Doerder, personal communication). Although most pairs then fail to complete the development of a new macronucleus from the new homozygous micronucleus, about 5% of the pairs apparently do, with the exconjugants expressing genes from the parental micronuclei. This process has been termed short-circuit genomic exclusion (7).
To facilitate selection for conjugants that have developed new macronuclei, cells homozygous for the dominant mutation Mpr in the micronucleus, but with macronucleus expressing the wild-type recessive allele (and therefore sensitivity), were manipulated as described in Fig. 1 Phenotypes of conjugants are indicated in parentheses (s, sensitive; r, resistant); the micronuclear genotype of the unknown emerges only after the analysis (see Fig. 3 ). performed sequentially in the same plate. If the unknown clone is fertile (category 1), cross fertilization will occur and new macronuclei expressing the dominant phenotype from each parent will result; the well will contain cells resistant to both drugs. If the unknown is C*-like (category 2), the test yields progeny that are cy-resistant and 6-MePur-sensitive because only genes from the non-C*-like parent are retained in the progeny of such crosses. If the unknown clone is unable to pair or to survive pairing (category 3), only unmated parental cells (some resistant to 6-MePur but none resistant to cy) result. These three categories are easily identified if the first drug added is the one to which the heterokaryon confers resistance-in this case, cy. The results, presented in Table 3 , indicate that 71% of the clones are fertile.
DISCUSSION
A combination of several genetic and cell culture techniques has implemented the isolation and fertility testing of large numbers of temperature-sensitive mutants in Tetrahymena. Heterokaryons, short-circuit genomic exclusion, cloning by diluting cell suspensions, and extensive use of the microtiter system have all been used.
The 90% decrease in yield of short-circuit genomic exclusion progeny (0.4% versus 4-5%) after mutagen treatment is in agreement with previous studies (4, 7). Orias and Bruns (4) reported the same yield of viable homozygotes after mutagenesis and a self-mating. Because that study did not use shortcircuit genomic exclusion, we conclude that its use does not impose an added degree of inviability. Although a certain, and not trivial, amount of infertility is found among the selected clones, the technique outlined here provides a direct means for screening against clones whose genotype cannot be sexually inherited and therefore may not be experimentally useful. It should be noted that clones with low fertility (<1% normal conjugants) could appear as fertile clones in the mass test. Although many of the clones that tested as fertile yielded viable progeny in subsequent crosses, one of them gave no viable progeny when it was crossed to wild type and individual pairs 
